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STATISTICAL MEASUREMENTS OF CONTACT CONDITIONS OF 478 TRANSPORT-AIRPLANE 
LANDINGS DURING ROUTINE DAYTIME OPERATIONS l 

By NORMAN S. SILSBY 

SUMMARY 

Statistical measurements of contact conditions have been 
obtained, by means of a special photographic technique, of 478 
landings of present-day transport airplanes made during routine 
daylight operations in clear air at the Washington National 
Airport. From these measurements, sinking speeds, rolling 
velocities, bank angles, and horizontal speeds at the instant 
before contact have been evaluated and a limited statistical analy- 
sis of the results has been made. 

The analysis indicates that, for transport airplanes in 
general, the gusty-wind condition had a substantial eflect irz 
i,ncreasing the values of sinking speed, bank angle, and rolling 
velocity likely to be equaled or exceeded once for a given number 
of landings but had essentially no e$ect on the airspeeds at 
contact. SpeciJically, in 1,000 landings under conditions of no 
gusts, the values of sinking speed, bank angle, and rolling 
,velocity (in the direction of the Jirst wheel to touch) likely to be 
equaled or exceeded once are 3.5 .ft/sec, 4.8", and 4.4 deglsec, 
respectiuely; for the same probability of 1 out of 1,000 landings 
made under conditions with gusts, the values of these respective 
quantities increase to 4.7 *ftlsec, 6.6’, and 5.3 deglsec. In 
general, the transport airplanes landing at Washington National 
Airport touch down at airspeeds which have a considerable 
margi,n above the stall; in 1 out of 1,000 landings, the landing 
speed will probably equal or exceed an airspeed 60 percent above 
the stalling speed (based on an assumed loading of 0.9 of the 
maximum permissible landing weight). 

Although wing loading was seen to have some e$ect on the 
sinking speeds of various transport airplanes, that is, there was 
a tendency for airplanes with higher wing loading to land with 
higher sinking speeds, the actual correspondence was rather 
poor, and study of a greater number of landings is required ir 
order to isolate the influence of wing loading and other pa- 
rameters which cause the differences i,n sinking speeds for the 
various types of airplanes. 

INTRODUCTION 

At the present time, airplanes and their landing gears are 
being designed to satisfy landing-loads requirements which 
are based on experience with earlier airplanes. Design proce- 
dures also are based largely on past experience. The sizes 
and speeds of airplanes have steadily increased, with asso- 
ciated changes in structural flexibility, weight distribution, 

1 Su~wrsedo~ NACA TN3104.1954. 

landing speeds, and other characteristics, since these design 
procedures and requirements were established. For this 
reason and as a result of the increased economic pressure 
toward a reduction in weight, it has become necessary to 
reexamine the landing-loads problem in order to establish 
up-to-date requirements and design procedures that will 
insure safety with the least possible cost in weight. 

The first step in developing more rational landing-loads 
rcquiremcnts is to obtain information on the severity ancl 
frequency of the load-producing conditions likely to be en- 
countered by an airplane in landing. The conditions which 
produce or influcncc the loads on the landing gear am1 air- 
plane structure are the sinking speed, horizontal speed, atti- 
tude angles, angular velocities, and so forth, which exist at, 
the instant of touchdown. Inasmuch as many indeterminate 
factors influence these quantities, they must be treated as a 
statistical problem. For the case of aircraft-carrier opcra- 
tions, a substantial amount of statistical information on 
landing approach conditions has been obtained by the Navy 
and is being augmented continuallg. For land-basecl opera- 
tions, on the other baud, very little suitable information is 
availablr, particularly for operations of present-clay trans- 
port airplanes. 

The National Advisory Commit& for Aeronautics has 
undertaken the project of obtaining statistical measurements 
of landing contact conclitions for present-day transport air- 
planes during routine operations. The equipment for obtain- 
ing the measurements was set up at the Washington National 
Airport in the middle of January 1953, with the permission 
and cooperation of the airport authorities. From that time 
until the middle of April 1953, in about 56 hours of operation 
(during portions of 15 different days), a total of 630 airplane 
landings were photographed and, of these, 478 were suitable 
for evaluation and analysis. 

Preliminary results for the first 126 usable landings (the 
first 20 hours of operation), together with a brief statistical 
analysis, have been reported in reference 1. These 126 land- 
ings also are included in the analysis of the 478 landings 
reported herein. Photographs were obtained for the landings 
of varieties of present-day twin-engine and four-engine air- 
planes. From these records, sinking speeds, horizontal 
speeds, bank angles, and rolling velocities have been eval- 
uated and a limited stat,istical analysis of tho results has been 
made. 

1 
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2 REPORT 1214-NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS 

APPARATUS AND METHOD 

A photograph of the equipment used for obtaining statis- 
tical data on the landing contact conditions is shown as 
figure 1. The equipment consists essentially of a constant- 
speed 35-millimeter motion-picture camera fitted with a tele- 
photo lens of 40-inch focal length, supported on a vertical 
shaft which provides for tracking the airplane only in 
azimuth. The trailer on which the equipment is mounted 
can be raised on jacks to permit very accurate leveling of the 
camera and provide a rigid support. Since no instruments 
are installed in the airplanes, pilots are unaware that landings 
are being monitored. The camera was set up at a distance of 
800 to 1,000 feet from the runway so that it offered no 
obstruction to aircraft on the airport proper. All the data 
in the present analysis were obtained from photographs of 
landings made at Washington National Airport on a runway 
which is 5,210 feet long and extends from a southeasterly to 
a northwesterly direction. 

The sinking speed for each of the two wheels of the main 
landing gear is determined from a consideration of the range 
and the time rate of change of wheel location, which in turn is 
obtained by measuring the change in image-wheel position 
over a 5-frame interval (4 time intervals) immediatly prior 
to first-wheel contact. The camera runs at an accurately 
controlled rate of 25 frames per second; thus, the sinking 
speed (as well as the other quantities) is determined over a 
time interval of SL second prior to contact, which corre- 
sponds to a vertical height of about >/3 foot for a sinking speed 
of 2 ft/sec. The formula used to determine vertical velocity 
for each of the main-gear wheels is given in reference 2 along 
with its derivation and the corrections to be applied. The 
average of .the sinking speeds for the two main-gear wheels 
is considered to be the sinking speed for the airplane center 
of gravity. Some center-of-gravity sinking speeds were 
obtained by reading a point on the fuselage near the center 
of gravity for those landings in which both wheels were not 
visible. 

The rolling velocity of the a.irplane is determined from a 
consideration of the known wheel tread and the difference 
in the values of sinking speed for the two wheels. The 
roll-attitude angle, or bank angle, at the instant of contact 
is determined from the relative vertical positions of the 

FIGURE I .-Equipment for measuring landing contact conditions. 

wheel images, together with the range and wheel tread, ac- 
cording to the formula: 

where 
d distance from film-frame reference to optical center of 

frame, 0.536 in. 
D perpendicular distance to center line of runway from 

camera, 795 ft 
f lens focal length, 40 in. 
hl distance from film-frame reference to left wheel, in. 
h, distance from film-frame reference to right wheel, in. 
T airplane main-axle wheel tread, ft 
e azimuth angle at camera between D and line to airplane 

wheels at time of contact, deg 
4 bank angle, deg (positive for right bank) 

The photograph in figure 2 is a sample frame from a land- 
ing sequence and illustrates the appearance of the record 
for a relatively large roll angle at contact (5.5O). The 
instant of contact can usually be determined readily by the 
puf? of smoke from the tire. The spot of light appearing 
in the center of this figure is produced by instrumentation 
in the camera which denotes the azimuth angle for use in 
evaluating the data and is not due to any installation in 
the airplane. 

VIGURE 2.-Sample frame from landing sequence showing smoke puff 
at tire contact. 
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Horizontal velocities are determined from the change in 
position of the airplane image with respect to the image 
of a stationary background object appearing in two or more 
successive frames according to the equation: 

J+-.L?.- L\h f co2 8’ At 
where -. -- 
Ah change in distance on 6lm from airplane image to image 

of background object, in. 
At time interval corresponding to Ah, set 
Vx horizontal velocity, ft/sec 
8’ azimuth angle at camera between line of D and line 

to airplane center of gravity at time of frames in 
which Ah was measured. 

Horizontal velocities were determined as closely as possible 
to the time of contact; in no case did the time exceed f: 
second prior to contact. Because the longitudinal decelera- 
tion immediately prior to contact normally will bc about 
O.lg, the horizontal velocity )$ second before contact would 
be about 1); ft/sec higher than the actual velocity at con- 
tact. A more complete and detailed description of the ap- 
paratus and equipment, considerations in design, method 
of operation, and data reduction can be found in reference 2. 

Landings were photographed for twelve present-clay twin- 
engine and four-engine airplanes; general specification data 
for these airplanes are given in table I. 

ACCURACY 

The accuracy in terms of probable error in the quantities 
determined as a result of errors in film reading and the error 
introducecl by neglecting the vertical acceleration is as 
follo\vs : 
Sillkillgspced,ft/~ec-_---.--.- -.---.. -.~---..---_-.__ 10. 1 
Rollingvclocitr,deg/scc.-.-~- .--- .._... -~..-..------.. i :i 
Bankangle,deg----- .._... -..-_.-.~-~--.--.-_..- ~:O.l 
Horizontal velocity, ft/sec-__- .~~-~.~-~-..~-~--.-------. ztl. 5 

For a more detailed account of sources of error and accuracy 
of the results, especially with regard to sinking speed, see 
reference 2. 

PRESENTATION OF RESULTS 

The values of sinking speed, forward ground speed, bank 
angle, rolling velocity, and other pertinent data are listed 

Air- 
plane 

in table II for each of the 478 airplane landings. The 
statistical analysis of these results is presented in terms of 
frequency distributions (figs. 3 and 4) and probability curves 
(figs. 5 to 11). The data have been analyzed as a whole as 
well as grouped according to landings with and without gusts, 
where the gusty condition is defined (according to ref. 3) 
as sudden, intermittent increases in speed with at least a 
lo-mph (Q-knot) variation between peaks and lulls. The 
peaks must reach at least 18 mph (16 knots), and the average 
time interval between peaks and lulls should usually not 
exceed 20 seconds. 

The Pearson type III probability curves were determined 
in the manner described in reference 4. Values of the statisti- 
cal parameters (mean value, standard deviation (T, and co- 
efficient of skewness ag) for sinking speed, bank angle, rolling 
velocity, and airspeed at contact, which are used in the 
determination of the probability curves, are listed in table 
III for the various airplane categories and gust conditions. 
These curves, which fit the data reasonably well, provide a 
systematic fairing of the data and permit some extrapolation, 
which gives an indication of the magnitudes of the various 
quantities likely to be encountered in a greater number of 
landings than were actually observed. 

The stalling speeds used in this evaluation were taken 
from flight manuals of the various airplanes or from the 
available test results for the landing configuration, with the 
arbitrary assumption that the landing weight was 90 percent 
of the masimum permissible landing weight. The airspeed 
was determined as the sum of the measured horizontal speed 
and the parallel component (in the direction of the runway) 
of wind velocit,y measurccl at the control tower. 

STATISTICAL ANALYSIS AND DISCUSSION 

SINKING SPEED 

The frtqucncy distributions of sinking speed for the center 
of gravity and the first wheel to touch (fig. 3) are very similar 
and inclicate no significant difference in the statistics of these 
quantities. Only sinking-speed data pertaining to the center 
of gravity of the airplane therefore are presented in the rest 
of the report, and these data may be considered to apply to 
either the center of gravity or the first wheel to touch. 

TABLE I.--GEXERAL SPECIFICATIOS DATA FOR TRANSPORT AIRPLAXES 

Type of transport 
nirp1anc 

Maximum wing Maximum 
gross weight, area, wing loading, 

lb sq rt lb/sq ft 

Twin-engine. _ _ 17.500 
Twin-engine.. _ 27, ooa 
Twin-engine.. 31, m 
Twin-engine-. __. __ 
Twin-engine. _ __ ___ 2 vii 
Four-engine.-. __ __ __ 73:ooo 

Twin-engine-. .__ ._. _ 41,790 
Four-engine.-.-. __ __ __ 107.ocu 
Four-engine-. _________ 120, oca 
Four-engine.- _ _ _ _ _ _ _ _ _ 
Four-engine... __ __ __ _ l%E 
Four-engine ._________. , 145 500 

---~ 
545 
988 
970 

1,360 

1% 

32.0 
27. 3 

2: 
47.2 
49.8 

817 51.1 
1,650 64.9 
1,650 i2.7 
1,463 60.0 
1,463 70.4 
1,769 80.5 

- 

Maximum Stalling 
permissible speed for 

landing 0.9 masi- 

~\-e~ht~ 
mum land- 
ing weight, 

mph ~- 

15,rm 
25,000 
29, oao 72 
45, O Q O  72 

‘Avernge of specification dnta for these two transport airplanes used in analysis. 

Main-ask 
\vheel tread, 

rt 

25. 5 

zi 
26 

1 

_- 

Maximum 
ift coefficient, 
landing con- 

dition 

2.12 
1.96 
2.04 
2.29 
2.78 
2.42 

2.36 
2. 54 
2.54 
2.57 
2.60 
2.42 

I- 
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32 

24 

8 

I 2 3 4 5 
Sinking speed, ft/sec 

FIGGRE 3.-Comparison of frequency distributions of sinking speeds 
for center of gravity and first wheel to touch. 

The frequency distributions of the percentage of landings 
occurring in various O.ECft/sec ranges of sinking speeds (fig. 
4(a) ) show that the greatest percentage (29.5 percent or 
141) of the landings occurred in the range from 1.0 to 1.5 
ft/sec. The mean for all 478 landings was 1.38 ft/sec, and 
no landings exceeded a sinking speed of 4.5 ft/sec. A com- 
parison of frequency distributions of sinking speeds for 
conditions of gusts (271 landings) and no gusts (207 landings) 
indicates the marked effect of gusty conditions on sinking 
speed (fig. 4(b) ). Although the great,est percentages of 
landings for the gusty condition (28.7 percent) and the no- 
gust condition (30.4 percent) occurred in the same range of 
sinking speed (1.0 to 1.5 ft/sec), substantially greater 
numbers of landings are shown to occur at lower sinking 
speeds for conditions of no gusts than for gusty conditions. 
At the higher sinking speeds, a greater number of landings 
occur for the gust condition than for the no-gust condition. 
The mean value of all sinking speeds for conditions of no 
gusts was 1.22 ft/sec, and the standard deviation was 0.57 
ft/sec; the mean of all sinking speeds measured in gusty- 
wind conditions was 1.50 ft/sec, and the standard deviation 

was 0.76 ft/sec. No landing exceeded a sinking speed of 
3.4 ft/sec for conditions without gusts; the maximum value 
of sinking speed attained during gusty conditions was 4.5 
ft,kec. The wind velocity (measured at the control tower) 
for conditions of no gusts ranged up to 18 mph with cross- 
wind components (at 90’ with respect to the direction of the 
runway) up to 11 mph. For the gusty condition, the mean 
wind speeds ranged from 14 to 28 mph with gust velocities 
up to 38 mph and cross winds up to 17 mph. It cannot 
be definitely stated, therefore, that the differences shown 
are due solely to gustiness, inasmuch as the associated higher 
winds and higher cross winds may also have some influence. 

Although the difference in mean values of sinking speed 
between the landings with gusts (1.50 ft/sec) and the landings 
without gusts (1.22 ft/sec) was only of the order of l/4 
ft/sec (fig. 4(b) ) for this number of landings, the difference 
was significant according to a method of statistical analysis 
concerning significant differences in variables (ref. 5). The 
difference in standard deviations from the means was also 
significant. 

The probabi1it.y curves of sinking speeds for all airplane 
landings are shown in ligurc 5 and indicata in a more graphic 
manner the effect of gusty conditions, as compared to the 
no-gust condition, on the probability of occurrcncc of various 
sinking spcecls. For example, the curve for the condition 
without gusts, under which 207 observations were made, 
indicates that a sinking speed of 3.5 ft/sec would be expected 
to be equaled or exceeded once in about 1,000 landings; 
the curve for gusty conditions (271 landings) indicates that 
the same sinking speed (3.5 ft/sec) should be equaled or 
exceeded once in only about 60 landings. For gusty condi- 
tions, a value of sinking speed of 4.7 ft/sec woulcl be equaled 
or exceeded once in 1,000 landings. The curve for all Iand- 
ings, which combined the conditions of gusts and no gust.s 
in a relative frequency of occurrence of about 3 to 2, indicates 
that 3.5 ft/sec will probably be equaled or exceeded once in 
about 150 landings. 

For six types of airplanes, the probability curves of sinking 
speed basecl on 36 to 100 observations per type indicate 
substantial differences in the probability of equaling or 
exceecling a given sinking speecl (fig. 6). These probability 
curves for the various incliviclual transport types arc pre- 
liminary and should be considered to indicate trends only, 
in view of the relativcl>T small number of landings for the 
different types. ;2 comparison of the probability curves 
of sinking speed dctcrmined from the data of the first, 60 
landings for all airplanes, and then, successively, for 126, 243, 
and 478 landings, as more landings were photographed, 
indicatecl that probably on the orcler of 200 landings are 
required to establish a probability curve which would have a 
practical degree of reliability. 

One factor which was thought to be particularly responsi- 
ble for the difference in sinking-speed statistics for the vari- 
ous types of airplanes was the wing loading. Actually, the 
correlation between sinking speeds and wing loading is 
rather poor (see table I and fig. 6). Airplane B which has 
the lowest wing loading exhibited the lowest sinking speeds, 
but, among the rest of the airplanes, no apparent relationship 

-.. .--- - ._. _ ..-.-----_- _... -. _-_- ._... __. _ ..-.__ _..... - ..I1 
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0 
Sinking speed, ft/sec 

q (b) 

Sinking speed, f Vsec 

(a) Total landings. (b) With and without gusts. 
FIGURE 4.-Frequency distributions of center-of-gravity sinking speeds of trausport airplanes during routine operations for all 478 landings and 

for conditions of no gusts (207 landings) and gusts (271 landings). 

existed. between wing loading and sinking speeds. In an 
attempt to suppress the influence of factors associated with 
individual airplanes which might mask the effect of wing 
loading, the data were grouped into categories of low, medium 
and high wing loading. The groupings were as follows: 
The low-wing-loading group included airplane types A, B, 
C, and D with a range of gross-weight wing loadings of 27 
to 33 lb/sq ft; the medium-wing-loading group included air- 
plane types E, F, and G with a wing-loading range from 47 
to 51 lb/sq ft; and the high-wing-loading group included 
airplane types H, I, J, and K with a range of wing loading 
of 65 to 80 lb/sq ft. The probability curves of sinking speed 
according to the above groupings (fig. 7) indicate a tendency 
toward substantiating the assumption that a given sinking 
speed more probably will be equaled or exceeded for a more 
highly loaded airplane, but the correspondence is still not 
complete. The curve for the low-wing-loading group indi- 
cates the lowest probability for a given sinking speed. 
However, the medium- and high-wing-loading groups are 
reversed from the presumed order; that is, the medium- 

-_--.- -__.__ . . . .--- - 

wing-loading group indicates a higher probability of equaling 
or exceeding a given sinking speed than the high-wing-loading 
group. It appears that, although the effect of increasing the 
wing loading above about 30 lb/sq ft tends at first to increase 
the probability of equaling or exceeding a given sinking 
speed, a point is reached beyond which other factors such 
as pilot technique, airline policy, airplane handling qualities, 
and so forth, become predominant and offset any further 
direct correspondence between sinking-speed probability and 
wing loading. It should be pointed out that all the airplanes 
in the low-wing-loading group had conventional landing 
gears, whereas the aircraft in the medium- and high-wing- 
loading groups had gears of the tricycle type. 

The effect of gust(s on the probability of equaling or ex- 
ceeding a given sinking speed for the medium- and high- 
wing-loading groups is similar to that found previously for 
the total airplane-landing population (fig. 5) ; that is, gusty 
conditions increased the probability of equaling or exceeding 
a given sinking speed. However, for the low-wing-lon.ding 
group, there was, essentially, no effect due to gusts. 
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Io-30L2L ’ ’ ’ ! 
Sinking speed, ft/sec 

Number of landings 

Low wing loading Medium wing loading High wing loading 
Landing condition 

Ousts.. _._. --- - -- --. 45 148 78 
No . . . gusts . . . . . . . . . 118 
TOid .....-..------. ;; 2GG 1;: 

L- I 

FIGURE 7.-Probability of equaling or exceeding sinking speed for 
airplanes of low, medium, and high wing loadings and for conditions 
of gusts, no gusts, and total landings. 

-Sinking speed, ft/sec 

FIGURE 5.-Probability of equaling or exceeding sinking speed for 
conditions of gusts, no gusts, and total landings. 
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Bank angle, deg Sinking speed, ft/sec 

FIGURE 6.-Probability of equaling or exceeding sinking speed for six FIGURE S.-Probability of equaling or exceeding bank angle for condi- 
types of airplanes. tions of gusts, no gusts, and total landings. 
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--- No gusts 

2 3 4 5 6 7 8 9 IO 
Bank angle, deg 

Number of landings 

Landing condition 
Twin-engine Four-engine 

airplsnes nirplancs 

Oosts.............~......~............~~....~~..~~.~...~ 132 99 
No gusts.......~. . . . . . . .._.._.............---.--..---.. 110 
Tot31.....................-.....................---..---. 242 15: 

FIGURE 9.--Probability of equaling or exceeding bank angle for twin- 

engine and four-engine types of airplanes for conditions of gusts, 
no gusts, and total landings. 
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Rolling velocity, deghec 
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Ousts..-.........................................----.-. 
No gusts......................---..--.-......-..-.-----. 
Total .._.....__ ................... ..__ .- .__. ........ ____ 

FIGURE lO.-Probability of equaling or exceeding rolling velocity for 
conditions of gusts, no gusts, and total landings in direction of first 
wheel to touch and away from first wheel to touch. 
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Airspeed at contact, percent above stall 

FIGURE Il.-Probability curve for percentage by which contact air- 
speed esceeds stalling speed. (Stalling speed for condition of 0.9 of 
maximum permissible landing weight.) 

BAN6 ANGLE 

The frequency distribution of bank angles at cont.act 
indicated a ratio of about 4 to 1 for the occurrence of land- 
ings with a left angle of bank (left wheel contacting first) 
compared to landings with an angle of bank to the right at 
contact. Two effects may have contributed to the pre- 
dominance of left angles of bank: (1) t,he pilot’s location on 
the left side of the airplane, which, according to the opinion 
of experienced pilots, results in a tendency to carry the left 
wing slightly low, and (2) a greater pcrcentagc of landings 
with cross winds from the left (left and right cross winds are 
in the ratio of about 10 to 1). 

The curve for the probability of equaling or exceeding 
given angles of bank for the 413 airplane landings for which 
this quantity was obtained indicates that an angle of bank 
of 6O will probably be equaled or exceeded once in about 900 
landings (fig. 8). For conditions without gusts, under which 
182 observations were made, a bank angle of 6O would be 
expected to be equaled or exceeded once in only about 8,000 
landings, whereas the curve for gusty conditions predicts a 
probability of a bank angle of 6” once in about 450 landings. 
Out of 1,000 landings, the values of bank angle likely to be 
equaled or exceeded once are 4.8’ and 6.6’ for conditions of 
no gusts and gusts, respectively. The limitation of roll 
angle imposed by some part of the airplane other than the 
landing gear contacting the ground first is from 8’ to 16O for 
the four-engine transport airplanes and from 17’ to 21’ for 
the twin-engine transport airplanes considered in the present 
analysis. The probability curves of bank angle for the cate- 
gories of twin-engine and four-engine airplanes, together 
with the effect of gusts (fig. 9), indicate that with the twin- 
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engine airplanes there was a considerably higher probability 
of equaling or exceeding a given angle of bank than with the 
four-engine airplanes. For the total number of landings, for 
example, a bank angle of 5O is expected to be equaled or 
exceeded once in about 130 landings for the twin-engine 
airplanes, whereas a 5O angle of bank for the four-engine 
airplanes would be equaled or exceeded once in only about 
1,000 landings. The effect of gusty-wind conditions, as 
before, is to increase the probability of equaling or exceeding 
a given angle of bank. 

The difference in mean bank angles at contact and the 
difference in the standard deviations from t.hese means 
between the 231 landings with gusts and the 182 landings 
without gusts (see table III(b) and fig. 8) are statistically 
significant. The differences in mean bank angles and the 
standard deviations from the means between the 242 landings 
of twin-engine transports and the 171 landings of four- 
engine airplanes (see table III(b) a.nd fig. 9) are also statis- 
tically significant (see ref. 5). 

ROLLING VELOCITY 

The frequency distributions indicated about twice as many 
cases of airplanes rolling in the direction of the first wheel to 
touch as compared to those for airplanes rolling away from 
the first wheel to contact. The probability curves of rolling 
velocity (fig. 10) were computed by considering the group of 
rolling velocities in each direction as an entity. Then the 
ordinates of the curves for rolling both toward and away 
from the first wheel to touch were multiplied by 0.62 and 
0.38, respectively (relative percentages of occurrence of the 
two events). (See fig. 10.) 

The probability curves of rolling velocity indicate a greater 
probability of equaling or exceeding a given value for air- 
planes rolling in the direction of the first wheel to touch than 
for airplanes rolling away. The effect of the gust condition 
increased the probability of equaling or exceeding a given 
rolling velocity for rolling in either direction. For example, 
out of 1,000 landings, the values of rolling velocity likely to 
be equaled or exceeded once are 4.4 deg/sec and 5.3 deg/sec 
for conditions of no gusts and gusts, respectively. The 
differences in probabilities between the curves for the total 
number of landings for rolling in either direction decrease as 
rolling velocities increase above about 2 deg/sec. This result 
was also true for landings made under gusty conditions. 

AIRSPEED AT CONTACT 

The probability curves (fig. 11) for the percentage by 
which contact airspeed exceeds stalling speed indicate that 
1 out of 10 transport airplanes in routine daytime operations 
will touch down with an airspeed which is equal to or greater 
than 40 percent above the stalling speed (based on an 
assumed loading of 0.9 of the maximum permissible landing 

weight). For 1 out of 100 landings, the contact airspeed 
will equal or exceed a speed 50 percent above the stalling 
speed, and for 1 out of 1,000 landings, the contact airspeed 
will equal or exceed a speed about 60 percent above the 
stalling speed. Gustiness appeared to have only a very 
small effect on the airspeed at contact, as contrasted to the 
relatively substantial effects on the probabilities of equaling 
or exceeding given values of sinking speed, bank angle, and 
rolling velocity, as has been pointed out previously. In this 
case, the reason for the absence of an effect due to gusts may 
be that the airplanes land so fast that there is sufficient speed 
margin above the stall to take care of the gusty conditions. 
The effect on the airspeed at contact due to various runway 
lengths cannot be indicated, insamuch as all the data SO 

far obtained have been for landings made on only one runway. 
The frequency distribution for the percentage of landing 

airspeed above stalling speed indicates that the greatest 
number of landings (201 out of the 478, or 42 percent) 
occurred in the range from 20 to 30 percent above the stalling 
speed, and the next largest number (142 or 30 percent) 
occurred in the range from 30 to 40 percent above the stalling 
speed. These facts are evidenced in figure 11 by the rela- 
tively high probabilities (above 0.1) indicated by the curve 
at all percentages up to 40 percent above the stalling speed. 

CONCLUSIONS 

Results of the analysis of the 478 landings obtained during 
clear-weather operations of present-day transport airplanes 
landing on a runway 5,210 feet long at the Washington 
N,ational Airport have indicated the following conclusions: 

1. For the transport airplanes in general, the gusty con- 
dition had a substantial effect in increasing the values of 
sinkiug speed, bank angle, and rolling velocit,y likely to be 
equaled or exceeded once for a given probability but had 
essentially no effect on the airspeeds -at contact. 

(a) Out of 1,000 landings under conditions of no gusts, 
the values of sinking speed, bank angle, and rolling 
velocity (in the direction of the first wheel to touch) 
likely to be equaled or exceeded once are 3.5 ft/sec, 
4.8’, or 4.4 deg/sec, respectively. 

(b) Out of 1,000 landings under conditions with gusts, 
the values of sinking speed, bank angle, and rolling 
velocity (in the direction of the first wheel to touch) 
likely to be equaled or exceeded once are 4.7 ft/sec, 
6.6’, or 5.3 deg/sec, respectively. 

(c) The airplanes, in general, touched down at air- 
speeds with a considerable margin above the stall; the 
airspeed at contact in 1 out of 1,000 landings will 
probably equal or exceed an airspeed 60 percent above 
the st,alling speed (based on an assumed loading of 0.9 
of the maximum permissible landing weight). 
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2. Although wing loading was seen to have some effect on 
the sinking speeds of various transport airplanes, that is, 
there was a tendency for airplanes of higher wing loading 
to land with higher sinking speeds, the actual correspondence 
was rather poor, and study of a greater number of landings 
is required in order to analyze the influence of wing loading 
and other parameters which cause the differences in sinking 
speeds for the various types of airplanes. 

LANGLEY AERONAUTICAL LABORATORY, 
NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS, 

LANGLEY FIELD, VA., March 17, 1954. 
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TABLE II 

VALUES OF CONTACT CONDITIONS AND OTHER PERTINENT DATA FOR TRANSPORT LANDINGS 

Grplan 
me 

Date 01 r Time of Wind 
landing landing direction 

Rolling Bank 
velocity, angle, 

Forward 
ground 
speed. 
mph 

1 lirspeed 
mPb 

84.0 84.0 
83.5 83.5 

109.3 109.3 
93.9 92. 2 

100.5 98.8 

102.1 99.1 
101.1 98. 1 
112.2 109.2 

87.4 84. 4 
92.6 89.6 

107.5 102.3 
75.9 70.7 
72.4 85.0 
x5.9 98. 5 

101.1 113.7 

60.9 
99.0 
93.0 

102.5 
94.8 

73. 5 
111.6 
105.6 
115.1 
107.4 

90.2 102.8 
91.9 104.5 
94.3 106.9 
96.8 109.4 
72.6 84. 2 

84. 3 
99. 4 
93.6 
91. 7 
75.8 

95. 9 
111.0 
109.1 
107.2 

91.3 

95. 7 111.2 
93. 9 109.4 
98. 1 113.6 
84.9 100.7 
85. 1 100.9 

88. 9 104.7 
104.9 120.7 

88. 1 103.9 
78.2 94. II 
81. 1 96.9 

- 
Wind 

velocity, 
mPb 

Maximun 
Em 

velocity, 
mph 

1 
c 

-- 

Parallel 
wind 

omponent., c 
mph 

(8) ___- 

Cross-win 
:omponen 

mph 

- 
Id 
t, 

1312 
1340 
1354 
1400 
1408 

i 
0 
1.0 
1.0 

0934 SSE 
0942 SSE 
0953 SSE 
0955 SSE 
1000 SSE 

:: 

:: 
.4 

1.3 

1:; 

:i 

1005 
1010 
1425 
1427 
1431 

i 
WNW 
WNW 
WNW 

24 

;: 

-5.2 3.0 
-5.2 3.0 
12.6 9.8 
12.6 9.8 
12.6 9.8 

.8 

:: 
1.4 
2.6 

1432 
1433 
1438 
1440 
1441 

WNW 
WNW 
WNW 
WNW 
WNW 

16 

:: 
16 
16 

12.6 9.8 
12.6 9.8 
12.fi 9.8 
12.6 9.8 
12. 6 9.8 

1:: 

:t 
1. 5 

1446 WNW 
1452 WNW 
1455 WNW 
1456 WNW 
1500 NW 

16 
16 

:: 
12 

12.6 9.8 2.0 
12.6 9.8 2. 5 
12.6 9.8 1.0 
12.6 9.8 2. 0 
11.6 3. 1 1.8 

1514 
1515 
1105 
1111 
1127 

12 
12 
16 
16 
16 

20 

;: 
24 
24 

Il.6 3. 1 
11.6 3.1 
15. 5 4. 1 
15.5 4. 1 
15. 5 4. 1 

3.0 

1:; 

1:: 

1130 NW 16 
1145 NW 16 
Il.50 NW 16 
1200 NNW I6 
1201 NNW 16 

24 
24 
24 

15.5 4. 1 1.2 
15.5 4. 1 1.4 
15. 5 4. 1 1.0 
15.8 2.2 1.4 
15.8 2. 2 1. 1 

1202 NNW 16 15. A 2. 2 1. 3 
1203 NNW 16 15.8 2. 2 1. 1 
1205 NNW 16 15.8 2.2 I.3 
1209 NNW 16 15.8 2. 2 2.0 
1211 NNW 16 15.8 2. 2 1.0 

1213 NNW 
1215 NNW 
1216 NNW 
1217 NNW 
1229 NNW 

16 
16 

:: 
16 

15.8 2.2 1.0 
15.8 2. 2 1.6 
15. 8 2. 2 1. 7 
15.8 2.2 .6 
15.8 2. 2 2.4 

1250 
1251 
1305 

3.9 
3.9 
3 9 
3.9 
3. 9 

.3 
1.8 

.9 
1. 1 

.5 

- 

-_ 

15 
17 
17 
Ii 
Ii 

17 
17 
14 
14 
14 

16 
16 
16 
16 
16 

14. 5 3. 9 
16. 4 4. 4 
16. 4 4. 4 
16. 4 4.4 
16.4 4.4 

:i 

1:: 
.8 

16.4 4.4 1.6 
16.4 4.4 .9 
11.0 8.6 2. 0 
11.0 8.6 2. 7 
11.0 8.6 .l 

11.0 
11.0 
11.0 
11.0 
11.0 

8. 0 
8. 0 
5.0 
8.0 
8.0 

8.6 
8.6 
8.6 
8.6 
8. 6 

4 
l:o 
3. 1 
1.9 
2.0 

2.3 
1.8 
1. i 

.8 
1. 1 

----ox 0.6 

1.6 
.6 

.4 
1.9 

.4 

------i- -. 

-_ 
.P 

2. 7 
-. 4 

_--..... 

0 
-. 9 

-1.0 
.3 

-2. i 

-.6 

_.._..~. 
-. 
-. i 

1. 7 
-. 6 

1.5 
1.3 

_-.-.-._ 
.l 

_ _ _ _ 

2. R 
1.3 

1:; 

-ii? 
.6 

_ _. _. 

-_ 
.8” 

2.6 
1. 2 

.6 

-1. 1 
1.0 

-1. 0 
-.8 

.3 

.4 
1.0 

-1. 7 

G.7 
-1.3 

-5.5 
-_ 9 

1. 5 
-1. 7 

2s” 

-1.4 

1.2 
-1. 1 

__.... 
-1.2 

2.0 

-. 
.i 

-1. 1 

__~_._ 

-_ 
-. : 
-_ 1 

-1.4 
-. 2 

-. 2 
-1. 7 
-1.4 

1.4 
-.3 

0’ 
5 

-. 6 -1.7 
0 I 1.0 

75.8 
91. 5 
72.8 
82.9 
89. 2 

82. 1 
79.6 
99. 5 
95. 9 
92. 7 

---ii--- 
23 
23 

23 
23 

ii 
23 

25 
25 

2 
25 

87.2 1Ol.i 
83.5 

, 
99.9 

99. 1 115.5 
104.1 ~’ 120.5 

~ 

i8.3 94. 7 

-. 9 ~ -.2 
1. 5 .2 

-2.2 -.i 
--1:2 5 .3 

.7 

__._.... _- . . . . 
-70 1 --.4 

1:: :i 
--.3 

2. 5 -1. 7 
__..._._ .-.-._ 

-. .i -7: 

NW NW ’ 
W&NW 
WNW 
WN TV 

WNW 
WNW 
WNW 
\VNW 
WNW 1 

1140 
1142 
1152 

80. 9 97. 3 
83. 3 99. 7 
91. 7 102.7 

100.6 111.6 
105.5 116.5 

91. 5 
81. 2 

101.8 
98.8 

102.5 

102.5 
92.2 

112.8 
109.8 
113.5 I I 

88.1 96. 1 
i3.7 81.7 
92. fi 100.6 
93.0 101.0 
70.2 is.2 ~ 

104 t 
107 
109 / 
110 
111 

__...... .-.-.. 
-. 2 -2. 7 
-_ 1 -1.2 

0’ 6 -2. -3. ii 5 

n Positire r&es-bead wind. 
b Positive values--rolling in direction of first wheel to touch. 
0 Positive values-right hank. 
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TABLE II-Continued 

VALUES OF CONTACT CONDITIONS AND OTHER PERTINENT DATA FOR TRANSPORT LANDINGS 

11 

iirplane 
type 

P8l%llCl 
wind 

mlponent 
mph 

(‘) 

:ross-whC sinking 
mlponent speed, 

mph fPS 

Rolling 
velocity, 

de?F 

Forward 
ground 
speed, 
mph 

&peed, 
mPb 

8.0 13.8 
8.0 13.8 
8.0 13.8 

11.8 9.2 
11.8 9.2 

1.0 
1.6 

i4 
1:4 

-2.1 
.4 

.____-_ 

::: 

-1.1 72.3 
--.2 82.3 

______ 95. G  
-1.2 90.2 
-2.0 97. 7 

80.3 

lE36 
102: 0 
109.5 

11.8 9.2 
11.8 9.2 
11.8 9.2 
12.6 9.9 
12. G  9.9 

2.1 

1:: 

::: 

.3 

2: 
.5 

2.3 

-2.3 
-3.0 

-1:: 
-3.2 

103.8 
67.0 

106.1 
77.4 
84.3 

115.6 
78.8 

117.9 

iit: 

12.6 9.9 2.1 -. 7 .l 78.0 90. G  
12. G  9.9 1.3 2.2 -1.8 99.5 112.1 
12. II 9.9 .4 --.3 -3.3 86.4 99.0 
12.0 9.9 1.8 2.8 -1.1 101.3 113.9 
12.0 9.9 2.0 .9 --.4 85.9 98.5 

12. B 9.9 
13.5 3.6 
13. 5 3.6 
14. 5 3.9 
14.5 3.9 

1.3 
1.3 

2 
1.4 

1.9 
1.5 

_ _ _ 
1.2 
1. 2 

78.8 91.4 
86.2 99. 7 
89.8 103.3 
82.8 97.3 
86.2 100.7 

14. 5 3.9 .R 
14. B 3.9 .4 
14.5 3. Y 1.9 
14.5 3. 9 1.0 
14.5 3.9 1.5 

-1.1 
2.8 

U  

81.3 95.8 
71.4 85.9 
QU.4 104.9 
76. 5 91.0 

101.1 115.B 

15.8 2. 2 .G 
15.8 2. 2 2.4 
15.8 2.2 1.8 
15.8 2. 2 1.4 
15.8 2. 2 1.8 

1.5 
3 

1:9 

-.2 

-2 

-1:: 

5 
-:i; 

.Y 

.4 

-:; 

-1.0 

-1.4 
. . 
-1.0 

--.Q 
--.3 

1.5 
--.3 

-1.3 
-. fi 

.l 

-1.3 

-1.0 

76.5 Y2.3 
8 .I; Yfi. 4 
&Y. 8 105.6 
97.5 113.3 
88.3 104.1 

15.x 2. 2 7 
15.8 2. 2 1:8 
15.8 2. 2 1.5 
15.8 2. 2 1.0 
16. 4 4. 4 1.2 

2.3 

-. 6 
1.9 

.l 

87. R  83.4 
Xi. 9 103.7 
83.8 99.G 
99.2 116. 0 
80. ti 106. U  

16.4 
10. 4 
lfi. 4 
16. 4 
lfi. 4 

4.4 
4. 4 
4.4 
4.4 
4.4 

.x 
2.3 

.i 
1.1 
1.0 

2. 1 
-1.6 

.R 
1:; 

7ti. 2 82. G  
9R.O 112.4 
98. 1 114.5 

IUO. 0 116.4 
78. 2 94. G  

16. 4 
10. 4 
10. 4 
lfi. 4 
13. 4 

4.4 
4.4 
4.4 
4.4 

10.5 

.5 

.T 

1:: 
.? 

.9 

-. 5 

68.4 84.8 
91.0 107.4 
81. 1 97.5 
80.0 ‘Jo. 4 
93.3 1UU. i 

13.4 
13.4 
13.4 
13.4 
13.4 

10.5 
10.5 
10.5 
10.5 
10.5 

j.2 
1.1 

1:; 
1.2 

-1.8 
--.3 

1.9 
-1:: --.G 

104.2 1li.F 
70.3 8Q. i 
ii. X  91.2 
84. 4 9;. 8 
91.9 105.3 

13. 4 
13.4 
13.4 
13.4 
13.4 

10.5 
10.5 
10.5 
10.5 
10.5 

1.2 
l.fi 
1.9 
1.0 
1.7 

13.4 10.5 2.0 
2. 2 15.8 2. 5 
2. 2 15.8 .3 
2. 2 15.8 1.8 
2.2 15.8 2. 5 

.G 

1.2 

:; 
2.5 

.4 

-_ 1 
2. 6 
1.7 

-.2 

:: 
_ _ 

-.l 

-. 1 

1.4 
-1.0 
-2.9 

1.6 
-. 1 

65. 5 78.9 
78.8 92. 2 
88. Y 102.3 
8i. 9 101.3 
83. 1 96.5 

3:: 
.4 
.4 

81. 2 94. G  
101.8 104.0 

78.8 81.0 
108.2 110.4 
108.2 110.4 

17.3 
17.3 
17.3 
Ii. 3 
17.3 

13. 6 

2:: 
13.6 
13. G  

13.6 
13.6 
13. G  
11.1 
11.1 

1.0 
1.1 
1.2 

.8 
1.4 

-3.0 
-_ 8 

.4 
___.._ 

96.4 113.7 
95. 1 112.4 
84.4 101.7 
82.9 100.2 
96. 5 113.8 

17.3 
17.3 
li. 3 
14.2 
14.2 

:: 
1.5 

.6 
1.3 

-.2 
.Q 
.4 

2.7 
.l 

-.6 
-.4 
-.3 

-2.0 
-2.3 

101.7 
83.5 
99.9 
89.4 
98.5 

119.0 
100. R  
117.2 
103.6 
112.7 

- 

I 
I 

- 

danding 
lumber 

rime 01 Wind 
landing direction 

Wind 
velocity, 

mph 

Date of 
landing 1 

.- 

Feb. 9 
Fob. 9 
Feb. _ 9 

2:: : 

1233 
1245 
1250 
1306 
1315 

TT 
WEW 
WNW 

1318 
1335 
1350 
1405 
1408 

WNW 
WNW 
WNW 

G %  

15 
15 

:i 
1B 

E: : 
Fob. Y 
Feb. 9 
Fob. 9 

1411 
1416 
1431 
1432 
1441 

WNW 1G 

E% :: 
WNW 16 
WNW 16 

Feb. 9 1443 
Feb. 10 1055 
Fob. 10 1058 
Feb. 10 1100 
Fob. 10 1106 

18 

:: 

:“, 

Feb. 10 
;;;: ;; 
Feb. 10 
Frh. 10 

1111 
1113 
1121 
1145 
115u 

Ez 
NW 
NW 
NW 

15 
15 

:: 
lk 

Peh. 10 1200 NNW 1 fi 
Feb. 10 1201 NNW 10 
Feb. 10 1205 NNW Ifi 
Feb. 10 1210 NNW 16 
Ftsb. 10 1213 NNW ID 

Feb. 10 1215 NNW lfi 
Feb. 10 1233 NNW 1R 
Frh. 10 1236 NNW IR 
Foh. 10 1255 NNW IR 
Fch. 10 13Ul NW 17 

Feb. 10 

%  :i 
Beh. 10 
I’eh. 10 

1303 
1310 
1325 
132i 
1328 

17 

;5 
17 
17 

Feb. 10 1332 
Feb. 10 1341 
Fob. 10 1346 
Feb. 10 134; 
Izrh. 10 l-103 

14U6 
1409 
1410 
1411 
14lF 

:; 
Ii 
Ii 
17 

1419 w  SW 
1422 WNR 
1438 WNW 
1441 U’ N  w  
1442 WNW 

22. ‘t 
Mar. 5 
Mar. 5 
Mar. 5 

1447 
1036 
1040 
1055 
lU5i 

K:: : 
Mar. 5 
Mar. 5 
Mar. 5 

1102 WNW 
1115 WNW 
1116 WNW 
1120 WNW 
1123 WNW 

Mar. 5 1154 WNW 
Mar. 5 1156 WNW 
Mar. 5 1158 WhT W 
Mar. 5 1201 WNW 
Mar. 5 1206 WNW 

17 

:: 
17 
Ii 

:; 
16 
16 
16 

ii 

2 
22 

;; 
22 

:i 

122 
123 
124 
130 
132 

141 
142 
144 
145 
148 

157 
158 
159 
162 
lF3 

lfi4 
1 U7 
168 
169 
170 

171 
172 
173 
174 
li5 

1X 
lT8 
180 
181 
184 

185 
186 
187 

%  

190 
191 
194 
195 
196 

198 
199 
200 
201 
202 

203 
205 
206 
2oi 
208 

211 
212 
213 
214 
215 

8 Positive values-head wind. 
b Positive values-rolling in direction ot first wheel to touch. 
0 Positive values-right bank. 

11-11.m11-11-.. .m . . . ..,., .I, I --_-----..----- .--. . -.-...~ -~ 
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TABLE II-Continued 

VALUES OF CONTACT CONDITIONS AND OTHER PERTINENT DATA FOR TRANSPORT LANDINGS 

Airplane Date of 
type landing 

rime of Wind 
landing direction 1 

-- 

1209 
1212 
1216 
1219 
1223 

Mar. 5 1229 
Mar. 5 1230 
Mar. 5 1238 
Mar. 5 1250 
Mar. 5 1259 

Mar. 5 1304 
Mar. 5 1327 
Mar. 5 1407 
Mar. 5 1408 
Mar. 5 1420 

E: : 
Mar. 5 
Mar. 5 
Mar. 5 

1427 
1435 
1436 
1438 
1439 

Mar. 5 144B 
Mar. 5 1458 
Mar. 5 1459 
Mar. 5 1500 
Mar. 9 1105 

1lU9 
1113 
1llG 
1118 
1133 

Mar. 9 
Mar. 9 
Mar. 9 
Mar. 9 
Mar. 9 

1148 

:,“i: 
1202 
12Ui 

itif: t 
Mar. 9 
Mar. 9 
Mar. 9 

1208 
1211 
1216 

:;z: 

E: i 
Mar. 9 
Mar. 9 
Mar. 9 

1234 
1237 
1238 
1240 
1250 

Mar. 9 1303 
Mar. 9 1310 
Mar. 9 1326 
Mar. 9 1329 
Mar. 9 1339 

Mar. 9 1347 
Mar. 9 1350 
Mar. 9 135i 
Mar. 9 1401 
Mar. 9 1403 

Mar. 9 1404 
Mar. 9 1405 
Mar. 9 1410 
Mar. 9 1413 
Mar. 9 1419 

Mar. 9 1422 
Mar. 9 1431 
Mar. 19 1128 
Mar. 19 1129 
Mar. 19 1130 

E:: :i 
Mar. 19 
Mar. 19 
Mar. 19 

1140 
1152 
11% 
1200 
1202 

T 

mxhnum 
Rust 

velocity, 
mph 

Parallel 
wind 

cmqmlent 
mph 

(a) 

:zizg 
fps ’ 

Rolling 
velocity, 
de$y 

Bank Forward 
angle, ground 

deg speed. 
P’) mph 

- 

t 
-- 

A 

14.2 11. 1 2.3 -2.0 
14.2 11. 1 1. 1 1.8 
14.2 11. 1 1.6 -.4 
14. 2 11.1 1.8 .l 
14.2 11.1 1.3 __.___ -. 

-1:: 

-:k 

81.8 
86.2 
92. 0 
83. 1 
95.1 

.irspcod 
mph 

96.0 
loo. 4 
106.2 

97.3 
109.3 

1.1 
1.9 

.G .9 

___.__ 
-2. 1 
-2. 5 
-2.3 
-1.8 

94.0 
81. G 

ii:: 
98.3 

108.2 
95.8 

103.2 
108.8 
112.5 

1.0 -3.4 

1. 7 
1.8 

_ . . . 

-3. 6 
-3.8 

89.3 

E 
94. u 
86 2 

106. F 
109.6 
108. U 
111.3 
103.5 

-. 1 
.4 

. . . . 
3. 6 

.l 

-1::: 

-1.9 
1.1 

78.4 95. 7 
82. G 99.9 
8;. 1 104.4 
80.8 98. 1 
79.3 96.6 

-1:: 

-2:; 
.8 

-2.1 79. 1 96.4 
-2.3 88. B 105.9 
-3.3 99.9 117.2 
-3. 7 9x. 2 116. R 

.7 100.1 114. ti 

-.3 --.Q x!!. 3 90 x 
..5 -.2 1Oi. !I 122.4 
.7 .I 80 G 1n1.1 

-. 5 -. 5 99. 4 113.Y 
1. U -1.3 101. G 116 1 

-1.Y 
7 

1:3 

-:; 

.2 

1:: 
-3.2 

.2 

91.4 105.9 
108.1 114.1 
86.8 92.8 
91.8 97.8 
95.0 101.0 

-.2 

-7.8 
1. 1 

-.5 
-1.3 
-1:2 

-.4 

:o”:i 
89.7 
96. 9 

101.4 

101.8 
86.3 
95.7 

102.9 
107.4 

1.1 
-.G 

:i 
.4 

-1.4 106.4 112.4 
-1.4 112.1 118. 1 
-1.2 90.9 96.9 
-3. i 110.4 116.4 
-1.1 100.5 106.5 

.4 
2.3 
1.5 

.4 

_....- 

-1:: 
-1.4 

.8 

i5. 4 
106.4 

it; 
8i. 1 

80.4 
111.4 

89.4 
91.0 
92. 1 

3. 5 

-1:; 

-2:: 

-_ 8 
-1.8 

-. 1 
-1.3 
-1.2 

il. 2 
92. G 

ii: i 
90.0 

76.2 
9T. 2 
98. 7 
92. 1 
96. 3 

3:: 
1.8 
U 

-.4 

-1.9 102.0 108.3 
-3.2 90. 2 96.5 
-1. 7 91. 5 97. 8 
-1.0 90.9 97.2 

-.2 69. .5 is.8 

1.2 
.Q 

_ _ . . . 
3. 5 

.2 

.G 
-. 1 

-1.0 
-2.2 

1. 5 
-2. 6 

83.0 89.3 
1OG. U 112.3 
8i. 3 103.1 
9i. i 113.5 
82.8 98.6 

Wind 
vclooity, 

mph 
-- 

217 
218 
219 
220 
222 

224 
225 
22G 

ii: 

232 
233 
234 
235 
23G 

% 
241 
242 
243 

245 
246 
247 
248 
252 

253 
254 
25.5 
25F 
259 

2F1 
2G3 
284 
265 
266 

267 

% 
271 
272 

273 
274 
275 
276 
2i8 

280 
281 

% 
284 

285 
286 
288 
289 
290 

291 
292 
294 
295 
296 

302 
304 
305 
306 
307 

14.2 11.1 1.9 
14.2 11. 1 3.6 
14.2 11.1 2.5 
14.2 11.1 1.7 
14.2 11.1 1.9 

17.3 13. G 1.9 
17. 3 13. 6 2.2 
17.3 13. G 1.8 
17.3 13. G 1.4 
17.3 13. 6 1.2 

17. 3 
17. 3 
Ii.3 
li. 3 
17. 3 

13. G 
13. G 
13.6 
13. G 
13. G 

.9 
1. 1 
2.4 

7 
2: 4 

17.3 13.6 1. 9 
17. 3 13. G 7 
17.3 13.8 1:8 
17.3 13. G 1.9 
14.5 3.9 1.9 

14. 5 
14. 5 
14. 5 
14.5 
14. 5 

3. !I 
3. 9 
3. !) 
3. 9 
3. Y 

2:: 
1.0 

.R 
1.8 

14. 5 3. 9 .8 
6.0 10.4 2. 1 
6.0 10.4 1.9 
6. 0 10.4 3.4 
G. u 10.4 2.5 

6. u 10.4 
6.0 10.4 
F. 0 10.4 
F. 0 10.4 
6.0 10.4 

1.3 
.6 

1. 1 
5 

1:5 

G. 0 10.4 
F. 0 10.4 
6. U 10.4 
8. 0 10.4 
6. u 10.4 

1.8 

1:; 
1.9 
1.8 

5. u 8. 7 1.4 
5.0 8.7 1.6 
5. u 8. 7 2.4 
5. u 8.7 1. 5 
5.0 8. 7 1.1 

5.0 8. 7 
5.0 8. i 
5.0 8. i 
F. 3 4. 9 
G. 3 4.9 

.8 
1.2 

1:: 
.8 

6. 3 4.9 
6. 3 4.9 
6.3 4. 9 
G. 3 4.9 
6.3 4.9 

2:: 
1.9 

1:: 

6. 3 4.9 
G. 3 4.9 

15.8 12.3 
15.8 12.3 
15.8 12.3 

1.2 
1.7 
1. 1 

0 
l:u 

2G ~ 15.8 12.3 
26 15.8 12.3 
28 15.8 12.3 
25 ( IT.4 4. i 
25 , 17. 4 4. i 

-1.4 89.0 

-1. 3 
--.a ~ is.3 

-2.7 80. 0 
.G -2.9 

, 
111.0 

.4 u 102.4 

n Positive values-head wind. 
bPositive values-rolling in direction of!iret wheel to touch. 

0 Positive values--right bank. 
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TABLE II-Continued 

VALUES OF CONTACT CONDITIONS AND OTHER PERTINENT DATA FOR TRANSPORT LANDINGS 
- _- 

A Lirplnne 
typo 

Date of 
landing 

rim0 of Wind 
landing direct.ion 

Wind 
velocity. 

mph 

I 

-I- 

daximum 
gust 

velocity, 
mph 

:ross-wind 
omponent, 

mph 

I I 

.- 

Sinking 
speed. 

fPS 

- 

_- 

Rolling 
velocity. 
de@ 

-- 

Forward 
ground 
weed, 
mph 

-- 

irspeod 
mph 

89.8 
88.4 

101.0 
110.5 
109.6 

17.4 
17.4 

:;:i 
17.4 

4.7 1.9 
4.7 1. 0 
4.7 1.6 
4.7 1.8 
4.7 .7 

..- _____ 
-4 

-2 
-1.7 

;2:: 
83.6 
93. 1 
92. 2 

::: : 
17.4 
17. 4 
17. 4 

4.7 
4.7 
4. 7 
4.7 
4.7 

1.4 
2.9 
1.8 

:: 

:: 
1. 6 

-2:; 

-. 5 

-7.6 
-.6 
-.5 

108.1 125.5 
91.3 108.7 
83.6 101.0 

109.2 126. G 
76.1 93. 5 

17. 4 

:;:: 
14.2 
14.2 

4.7 
4.7 
4. 7 

11.1 
11.1 

2.2 
1. 4 
1.5 
1.4 
2. 2 

.8 
-1. G 

-. 4 

:i 

-.3 
-.6 
-.a 

1 
79 

91.9 
98.2 

E t 
106.7 

109.3 
115. G 
114.3 
108.7 
120.9 

14. 2 
14. 2 
14. 2 
14. 2 
14. 5 

11.1 
11. 1 
11. 1 
11. 1 

3. 9 

1. 1 

1:; 

:: 

3. G 
1.6 -1:: 

1.3 
1.4 

_ _ _. 
-1.9 

1.2 

102.2 116.4 
85.2 99.4 
84.4 98.6 
77.6 91.8 
98.8 113.3 

14.5 
14.5 
14. 5 
14. 5 
14. 5 

3. 9 
3.9 
3. 9 
3. !I 
3. !) 

2:: 
.4 

1.8 
1.4 

0 
-1. 9 

3 
-1: 2 

2. 1 

-1. 4 

1: 

-1:; 

100.9 115.4 
109.3 123.8 
105.4 119. Y 

76.8 91.3 
xl. 4 103.9 

14. 5 
14. R 
14. .5 
14. 5 
14. 5 

3. !, 
3. !, 
3. !I 
3. !, 
3. !, 

1:: 
1. 0 

!I 
1. 4 

--.4 
-, G 

2:: 
-. 6 

1 
-2 1 

.4 
-2. x 
-2. 1 

IOh. 8 
IO% Ii 
0.5. Ii 
77. ti 

IlG. 4 

;;;I f 
110. I 
92 I 

130. !, 

14. 5 
14. 5 
14. 5 
14. 5 
14. 5 

3. !, 
3. !I 
3. Y 
3. 9 
3.9 

2. 1 
1. 8 
3.0 
1. 4 

.8 

-3. I 
-1.G 

1:; 
.!J 

-. 9 83. 1 Y7. Ii 
-1. 5 !,G. 9 111.4 

-.Y 100. 0 114.5 
--.!I 101.4 115.9 

-1. 5 104. G 119.1 

14. 5 3.9 2.0 -1.9 -1. 5 9% 3 113.8 
14. 5 3. !I 1. 5 2. 5 -2.3 81.0 95. 5 
14. 5 3. !I 1. 9 1.5 -3. 3 105.3 119.8 
17. 4 4. 7 2. 3 -1. 0 1.0 96. 8 114.2 
17. 4 4. 7 1.2 0 .l 92. G 110.0 

2i 15. 8 12. 3 1. 1 
2i 15.8 12. 3 1. i 
2i 15.8 12.3 1. 1 
27 15.8 12.3 2. 3 
27 15. 8 12. 3 2. 6 

--.2 
2. 1 
1. G 
2.8 

-2. 7 

1. G 
-2.8 

.4 
-2. 1 r 

94. 8 llO.G 
86. 7 102. 5 
72. 2 88. 0 
8G. 8 102.6 
88. 6 104.4 

80. 6 96. 4 
105. 9 121.7 

70. 8 86. 6 
96. 1 111.9 

103 3 119.1 

98. 0 113.8 
102.5 118.3 

95. 8 110. G 
96. 5 111.3 
86. 6 101.4 

98. 8 113.6 
95.0 109.8 
96. 1 108.7 
8i. 5 1w. 1 
82. 4 98. 2 

79. 8 95. G 
87. 5 103.3 

1043. i 116.5 
i0. 8 86. 6 
97.8 113.6 

108.5 
115.0 
109.9 
104.9 

94. 2 

Mar. 19 
Mar. 19 
!g. :; 

Mar: 19 

1205 
1212 
1214 
1222 
1226 

1227 
1231 
1234 
1241 
1244 

Mar. 19 

El%: :: 
Mar. 19 
Mar. 19 

1246 
1247 
1250 
1302 
1304 

Mar. 19 
Mar. 19 
Mar. 19 
Mar. 19 
Mar. 19 

1315 WN w 
1343 WNW 
1345 WNW 
134G WNW 
1402 NW 

Mar. 19 
Mar. 19 
Mar. 19 
Mar. 19 
M:w. 19 

1409 NW 
1410 NW 
1411 NW 
1414 NW 
1417 NIV 

hlar. 19 
Rlnr. I!, 
ATar. 19 
~l;w. I9 
Mar. I9 

I4IX 
1422 
,425 
14zfi 
1427 

Mw. III 
Mar. 18 
Mar. 19 
Mar. 19 
Afar. 19 

142x 
1429 
1431 
1440 
1442 

Mar. 19 1447 
Mar. 19 1451 
Mar. 19 1452 
Mar. 20 1150 
Mar. 20 1155 

Mar. 20 1200 
Mar. 20 1204 
Mar. 20 1213 
Mar. 20 1220 
Mar. 20 1221 

Mar. 20 1222 
Mar. 20 1226 
Mar. 20 1228 
Mar. 20 1230 
NW. 20 1242 

Mar. 20 1244 
Mar. 20 1250 
Mar. 20 1310 
Mar. 20 1312 
Mar. 20 1349 

Mar. 20 1353 
Mar. 20 1356 
Mar. 20 1402 
Mar. 20 1404 
Mar. 27 1103 

Mar. 27 
Mar. 27 
Mar. 27 

E: ;: 

1104 
1111 
1124 
1130 
113Y 

Mar. 27 1143 
Mar. 27 1151 
Mar. 27 1156 
Mar. 27 1200 
Mar. 2i 1202 

314 
315 
316 
317 
318 

319 
320 
321 
322 
323 

324 
326 
327 
328 
329 

331 
332 
333 
335 
3X 

3:X 
33x 
33!1 
340 
341 

342 
343 
344 
346 
347 

348 
349 
350 
352 
353 

354 
355 
g; 
360 

3Gl 
363 
3G4 
365 
368 

369 
3i0 
3i2 
373 
375 

376 
377 
378 
3i9 
381 

382 
383 
384 
386 
387 

388 
389 
390 
391 
392 

18 
18 

:: 
18 

18 
18 
18 
18 
18 

18 

:: 
18 
18 

18 
18 
18 
18 
15 

15 
16 
16 
15 
15 

15 
IA 
15 
15 
15 

I .5 
1 A 
1 R 
1.5 
I5 

15 

:z 

:i 

2n 
20 
20 
20 
20 

20 
20 
20 

;lYl 

20 
20 

ii: 
15 

15 
;g 
1G 
20 

ii 

?I 
20 

20 
20 
20 
14 
14 

15.8 
15.8 
15. 8 
15. 8 
15. 8 

12. 3 
12. 3 
12. 3 
12. 3 
12. 3 

15. 8 12. 3 
15.8 12. 3 
14.8 2. 1 
14. 8 2. 1 
14.8 2. 1 

14. 8 2. 1 
14. 8 2. 1 
12. 6 9.9 
12. G 9.9 
15. 8 12.3 

15. 8 
15.8 
15.8 
15.8 
15. 8 

15. 8 
15.8 
15.8 
11.0 
11.0 

12.3 1. 0 
12.3 1. 1 
12.3 2. 3 
12. 3 1. 6 
12.3 .l 

12. 3 1. 7 2. 5 -. G 
12. 3 2. 5 -. 1 -.8 
12.3 1. 5 --.5 -.5 

8. G 1.0 .3 -.2 
8. G 1. 6 .6 -1. 7 

3. 1 
2.0 
1. 7 
1. 1 

.8 

4. 5 

1:: 
1.0 

.8 

1. 4 

1:; 
2. 3 
2.8 

27 
2i 

2 
2i 

2i 
2T 

zi 
22 

ii 
20 
20 
28 

.” 
9 

m:a 
-2. 4 
-1. 4 

0 

4 
-1: 2 

-. 9 
-. 9 

0 1. 4 
1.4 .3 

-. 6 -. 1 

2:: 
-1. 1 

1:: 

-1.2 
2. 3 

-2. 4 

,:; 

2.0 

A:: 
.5 

-. 1 

-3:: 
--.G 

-2.0 
-1. 6 

n Positive values-head wind. 
b Positive values--rolling in direction of first wheel to touch. 
0 Positive values--right bank. 
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TABLE II-Continued 

VALUES OF CONTACT CONDITIONS AND OTHER PERTINENT DATA FOR TRANSPORT LANDINGS 

4irplanf 3 Date 0. 
type landing 

Time 01 
landing 

Sink@ 
speed, 

fps 

Maximun 
gust 

velocity, 
mph 

Cross-win 
‘ompomn 

mph 

Rolling 
velocity, 
deglsec 

PI 

Bank 
angle, 

FOnVard 
ground 
speed, 
mph 

Parallel 
wind ( 

:omponent, c 
mph 

(8) 

1 

c 
d 
t, 

Wind 
velocity, 

mph 

Wind 
direction 

t 

-- 

i 
T 
i 
i 
i 

393 
394 
395 
396 
397 

398 
399 

2? 
402 

403 
404 
406 
407 
409 

410 
411 
412 
413 
415 

4lG 
417 
418 
419 
420 

422 
423 
424 
425 
426 

427 
428 
429 
430 
431 

432 
433 
434 
435 
436 

/ 437 

~ % 
440 
441 

: 442 
444 
445 
446 

/ 447 

448 
449 
450 
451 
452 

453 
454 
455 
456 
457 

458 
1 459 

4GO 
4G5 
466 

/ :z 
470 

j 472 
475 

2: ;; . i 
Mar. 2; 
Mar. 2; 
Mar. 2i 

1211 WNW 
1217 WNW 
1218 WNW 
1225 WNW 
1226 WNW 

Mar. 2i 
Mar. 2; 

E::: ? 
Mar. 2: 

Mar. 2; 
Mar. 2; 
Mar. 2; 
Mar. 2; 
Mar. 2; 

1227 WNW 
1229 WNW 
1230 WNW 
1231 WNW 
1233 WNW 

1238 WNW 
1246 WNW 
1315 WNW 
1336 WNW 
1343 WNW 

1346 
1353 
1358 
1401 
1404 

Mar. 2i 
Mar. 27 
Mar. 25 

E: 2”; 

1408 WNW 
1409 WNU’ 
1411 w N w 
1413 WNW 
1415 WNW 

Mar. 27 
Mar. 27 
Mar. 27 

Ei:: i: 

1421 WNU’ 
1426 WNW 
1430 WNW 
1438 WNU 
1440 WNW 

Mar. 27 
Mar. 27 

2::: ;: 
Mar. 27 

1441 U’h’W 
1442 WNU’ 
1443 WKW 
1452 WNU’ 
1457 WN\V 

Mar. 30 1042 
Mar. 30 1044 
Mar. 30 1105 
Mar. 30 1109 
Mar. 30 1114 

Mar. 30 1118 
Mar. 30 1121 
Mar. 30 1122 
Mar. 30 1123 
Mar. 30 1136 

Mar. 30 1142 
Mar. 30 1210 
Mar. 30 1211 
Mar. 30 1213 
Mar. 30 1216 

Mar. 30 1218 
Mar. 30 1220 
Mar. 30 1222 
Mar. 30 1225 
Mar. 30 1226 

Mar. 30 1232 
Mar. 30 1237 
Mar. 30 1256 
Mar. 30 1257 
Mar. 30 1258 

Mar. 30 1302 
Mar. 30 1305 
Mar. 30 1307 
Mar. 30 1350 
Mar. 30 1352 

1358 
1409 
1410 
1415 
1421 

:: 
14 
14 
14 

14 29 
14 29 

:: “2: 
14 29 

:: 
16 
16 
16 

29 
29 

16 
16 
16 

i 

28 
2fi 
28 
28 
28 

28 
25 
2%; 
25 
25 

25 

ii 
25 
25 

11.0 
11.0 
11.0 
11.0 
11.0 

8.6 
8. G 

2 
8.6 

1. 7 

2:: 
2.7 

.3 

11.0 
11.0 
11.0 
11.0 
11.0 

2 
8. G 
8.6 
8. G 

.3 
1.2 
2. 0 
1. G 
1.3 

11.0 8. G 1.3 
11.0 8. 6 1.2 
12. G 9.9 .8 
12. 6 9.9 1.2 
12.6 9. 9 2.0 

12. G 9.9 .5 
12.6 9.9 2. 0 
12.6 9.9 1. 2 

6. 3 4.9 .9 
6. 3 4.9 1.3 

G. 3 4.9 
G. 3 4. IJ 
Ii. 3 4.9 
6.3 4.9 
6. 3 4.9 

.G 

.7 

:: 
1.6 

G. 3 4.9 1.9 
6. 3 4. 9 1.7 
R. 3 4.9 .5 
6.3 4.9 .9 
6. 3 4.9 1.0 

6.3 4. 9 
6.3 4. 9 
G. 3 4.9 
G. 3 4.9 
G. 3 4. 9 

2. n 
1.0 

1:: 
1. 4 

25. 1 6. 7 
25. 1 G. 7 
22. 1 17.2 
22. 1 17. 2 
22. 1 li. 2 

.9 
2.0 
1. 5 

1:: 

22. 1 17. 2 1.2 
22. 1 17. 2 1. 7 
22. 1 17. 2 1.2 
22. 1 17.2 1.7 
22. 1 17.2 1. 5 

22. 1 
19. i 
19. 7 
19. 7 
19. 7 

Ii.2 
15.4 
15.4 
15. 4 
15.4 

1. 5 

2:; 

1:; 

19. 7 15.4 2.6 
19. 7 15. 4 1. 4 
19. 7 15.4 1.4 
19. 7 15.4 1 
19. 7 15.4 212 

19. 7 
19. 7 
19. 7 
19. 7 
19. 7 

15. 4 
15.4 
15.4 
15. 4 
15.4 

2. 0 

:i 

2:: 

7.3 
7.3 
7. 3 
7. 3 
i. 3 

1. 1 
1. 0 
1. 6 

.9 

27. 0 7.3 
23.2 6. 2 
23. 2 6.2 
23. 2 6.2 
23.2 6.2 

I 3.8 ....... ...... I 
.9 .2 I.4 1 

1.5 -2.0 --.7 
1.1 -.x -.rJ 
2. 7 .x --.Y 78.8 

.8 .5 --.9 i8.8 

0.4 
-2. 1 

-:: 
1. G 

-.9 

-1:: 
-. 
-. i 

-.4 

7; 
.l 
.l 

1.7 

3:;: 

:: 

.3 
3 

:3 

1:; 

0 
2: 9 

-. fi 
-2.3 

-. 2 

--.2 
5 

1:1 
.6 

-0.8 
-1.3 
-1.4 

-1:s” 

83.6 
72.1 
88.0 
81.8 
94.7 

94.6 
83.1 

E% 
105.7 

-1.1 94.3 105.3 
-.5 105.0 116.0 

.3 99.2 110.0 
-2.2 107.6 118. G 
-1. G 93.4 104.4 

-1.4 
8 

--2:6 
-2. 1 

--.9 

101.8 112.8 
93. 5 104.5 
95.8 108.4 

104.0 116.6 
96. 0 108. G 

-2. 1 
-. 6 

-:6’ 
-1.7 

77.8 90.4 
104.6 117.2 

98.8 111.4 
85. 1 91.4 
97. 5 103.8 

-1.8 109.2 115.5 
-. ti 109. II 115.3 

-1.9 100.7 107.0 
-2.9 89.4 95.7 

-. 1 94. 1 100.4 

-3.1 101.2 107.5 
-. 7 105.7 112.0 

-1.8 93. 6 99.9 
-3.7 99. 1 105.4 
-3.1 100.8 107.1 

80.6 88.9 
83.8 90. 1 
71.9 78.2 

105.7 112.0 
92.8 99. 1 

9G. 5 
125. G 
100.1 

92. 1 
108.9 -1.9 1 -2.6 1 86.8 

-2. 6 74.4 
-1.0 71.1 

2. 1 -3:; 64.8 
2.3 88.3 
1.2 -1. 0 i5. 9 

96. 5 
93. 2 
86.9 

110.4 
98.0 

113.3 
80. 5 

113.8 
90.4 

100.7 

8i. 7 107.4 
83. 5 103.2 
69. 7 89.4 
88.1 107.8 
85.2 104.9 

56. 2 75. 9 
70. 5 90.2 
83.6 103.3 
6i. 8 87. 5 
80. 0 99. 7 

84.2 
85. 3 
90. 5 
83.2 
85. 0 

111.2 
112.3 
117.5 
110.2 
112.0 

85.8 
iG. 5 
86.9 

112.8 
99. 7 

l10.1 
102.0 
102.0 

-. 2 
2. i 

. . . . . . s.. 1 ‘.-:i 

--.3 -.2 -::: 
.2 0 

.4 

-2:; 
, -1:: 

-1.0 
2.3 I -.5 

Et:: ii 
, Mar. 30 

Mar. 30 
Mar. 30 

* Positive values-head wind. 
b Positive values-rolling in direction of first whorl to touch. 
0 Positive values-right bank. 
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TABLE II-Continued 

VALUES OF CONTACT CONDITIONS AND OTHER PERTINENT DATA FOR TRANSPORT LANDINGS 

hiding 
lumber 

485 
486 
487 
488 
490 

491 
492 
493 
494 
495 

496 
497 
498 
499 
5w 

501 
502 
503 
504 
506 

507 
508 
509 
510 
511 

512 
513 
514 
515 
516 

519 
521 
522 
523 
524 

525 
52G 
527 
52X 
529 

530 
531 
532 
533 
534 

535 
53G 
537 
540 
541 

545 
54G 
548 
549 
550 

551 
552 
553 
554 
55G 

557 
558 
561 
5G2 
563 

Dntc of Time of Wind 
landing landing diroetion 

I&r: 1445 1446 30 ;i. 

Apr. 2 1118 Apr. 2 1132 Fig 
Apr. 2 1140 NW 

Apr. 2 1143 Apr. 2 1150 ii: 

Apr. 2 1152 Apr. 2 1154 ET 

Apr. 2 1158 Apr. 2 1202 d-F& 
Apr. 2 1205 WNW 

Apr. 2 1211 Apr. 2 1213 EE 
Apr. 2 1215 WNW 
Apr. 2 1218 WNW 
Apr. 2 1224 WNW 

Apr. 2 1226 WNW 
Apr. 2 1232 WNW 
Apr. 2 1235 W N W 
Apr. 2 1240 W NW 
Apr. 2 1251 WNW 

Apr. 2 1254 w N m 
Apr. 2 1255 WNW 
Apr. 2 1300 NW 
Apr. 2 1302 N IV 
Apr. 2 1304 N \\ 

Apr. 2 130i N \v 
Apr. 2 1308 NIV 
Apr. 2 1319 NW 
Apr. 2 1322 NW 
Apr. 2 1330 N w 

Apr. 2 1355 Apr. 2 1357 KY 
Apr. 2 1400 N N W 
Apr. 2 I404 NNW 
Apr. 2 1405 NNW 

Apr. 2 1408 N N W 
Apr. 2 1410 NNW 
Apr. 2 1413 N NW 
.41x. 2 1425 NN\l’ 
Apr. 2 1426 NNW 

Apr. 2 1431 N N m 
Apr. 2 1434 N s IV 
Apr. 2 143G N N w 
Apr. 2 1438 NNW 
Spr. 2 1445 NXW 

Apr. 2 
Apr. 2 
Apr. 2 
Apr. 2 
Apr. 2 

Apr. 8 Apr. 8 
Apr. 8 
Apr. 8 
Apr. 8 

Apr. 8 
Apr. 8 
Apr. X  
Apr. 8 
Apr. 14 

Apr. 14 
Apr. 14 
Apr. 14 
Apr. 14 
Apr. 14 

1448 NN\I 
1449 NSW 
1450 NN1V 
1459 NNW 
1505 NM 

141i N \I’ 1424 
1426 

i% I 

1429 NIV 
1436 NW 

1440 NW 
1446 N w 
1457 NW 
1459 N w 
1031 W N W 

IO42 WNW 
1045 WN \V 
1051 WNW 
1100 WNW 
1105 WNW 

Wind 
velocity, 

mph 

18 
18 

:“s 
18 

18 
18 

:i 
18 

:i 
1G 
IG 
111 

11; 
1G 

:li 
1G 

1G 
11; 

:: 
15 

Sinking 
speed, 

fps 

0.7 
3.4 

2:: 
1.3 

1:: 

2:; 
1.6 

1. 0 

1:; 
.8 
.5 

1:: 

1:: 
1.7 

1:: 
1.7 

:i 
1. 1 

:i 
1.1 

.Q 

1. 8 
1. 8 
1.0 
1. 4 

.5 

1.0 
1.0 
1.0 
1. 5 
1.3 

0 
G 
G 

2; 

2G 
26 
26 
26 
26 

15 14.8 2. 1 1.2 

ii: 14.8 14.8 2. 2. 1 1 1.0 1.4 
15 ..~ ..~ 14.8 2. 1 1.1 
15 14.8 2. 1 1.5 

15 14.8 2. 1 1.8 
15 14.8 2. 1 1.2 

1: 14.8 14.8 2. 2. 1 I 1.0 1.3 
15 14.8 2. 1 1.8 

2 ::. 14.8 14.8 2. 2. 1 1 2:: 

:i 14. 14.8 8 2. 2. 1 1 1.9 1.1 
12 11.6 3.1 1.2 

5.8 1.2 1.0 

5. 8 1.2 5.8 1.2 1: 

5.8 1.2 5.8 1.2 :Z 

5.8 1.2 1.0 
5.8 1.2 1.1 

._._........ 5.8 . 1.2 
___......... 5. 8 1.2 1:: 

36 20. 5 16.0 1.3 

Rolling 
velocity, 

de?JY 

Bank Forward 
=m% ground 

dw 
(9 

speed, 
mph 

-0.5 -2.6 
.b -.7 

ii -::- 
-I:2 -.Q 

72.8 
71. 4 
84.4 
66.5 
67.8 

-. 1 -1.2 
--.5 --.3 

____._.--.-- ____.--___ 

-1.7 .7 -:i 

-2. 2 -.4 ::: 

-.5 0 -1:;’ 
.Q -1.9 

-. G --.2 
._..__ ____.-..__ 

.3 -1.0 
-.8 -1. 5 

1. 5 -2. 1 

.G -.4 
--.5 .4 

1. 3 -.ll 

-1:; -1.0 --.l 

-1.1 2. 3 
-. d -1. 1 

.4 0 
0 .l 

.4 -. 9 

.4 -1.0 

-:; . -1.G 1.2 
::: -:1 3 

--1:2 8 1:;; 

:: I: : 

-1.0 .3 
--.8 -. 5 

1:; --.7 .5 

--.2 -1.0 

.2 1.2 
--.5 --.G 

:: -:7 2 

-.4 .8 

-2.3 -.5 
--.4 -1.2 

-:: -7.3 
.2 1.1 

.l -.G 
--.G --.2 

-2.8 -.8 
.5 .5 

--.5 -. 1 

91.0 106.5 
81.6 97. 1 
96.0 111.5 
98.4 113.9 
QG. 3 111.8 

94.7 

%I: 
74: 0 
6G.0 

97.2 111.4 
85.9 loo. 1 
84.2 98.4 
70.2 84. 4 
81.0 95. 2 

99.3 113.5 
89.4 103.6 
81.6 95.8 
90.8 105.0 
74. 8 89.0 

76. 6 90.8 
94.3 108.5 
79. 3 94. 8 
93. 9 109.4 

105.4 120.9 

91. 4 106.9 
97. 8 113.3 

112.7 128.2 
89. 8 105.3 
77. 8 93.3 

103.3 118.8 
94. 1 109.6 
G3. 9 78. i 
75. 4 90. 2 
08.0 112.8 

82.2 97.8 
97. 1 111.9 
84.8 9Y. G 
7i. 2 92. 0 
iv. 9 v4. 7 

85. 2 100.0 
93. 5 108.3 
72. G 87. 4 
85.8 100. fi 
79. G 94.4 

84.3 99. 1 
72.0 86.8 
7G. 3 91.1 
87. 5 102.3 

103.3 114.9 

98.0 103. 8 
9G. 2 102.0 
90.1 95. 9 
75.4 81.2 
91.3 97. 1 

__.._._..~. ___....... 
.4 -.l 

_.....__.... 
_........... _.-....... 

4. 7 -1.9 

-. 1 -4.0 

-2:: -2 
__........-. _......... 

1.8 -1.6 

1Oi. 3 113.1 
79.8 85. G 
98.3 104.1 

105.8 111.6 
72.0 92.5 

106.2 126.7 
70.5 91.0 
88. b 109.0 
73.5 94.0 
92.2 112.7 

Airspeed 
mph 

-- 

QG.0 
94.6 

%I! 
91.0 

110.2 
96.3 

104.5 
88.2 
80.2 

15 

* Positive values-hmd wind. 
11 Positive values-rolling in tlircction of first whcrl to touch. 
0 I’ositivc valncs-right bank. 



16 

- 

REPORT 1214-NATIONAL ADVISORY COMMlTTEE FOR AERONAUTICS 

TABLE II-Concluded 

VALUES OF CONTACT CONDITIONS AND OTHER PERTINENT DATA FOR TRANSPORT LANDINGS 

Date of 
landing 

- 

-. 

1 
rime of Wind 
landing direction 

Parallel 
wind 

omponent 
mph 

(‘1 

- 

C 
,c 

:ross-wine 
omponeni 

mph 

Sinking 
speed, 

fPs 

Rolling 
velocity, 

Bank 
angle 

deg 
(“1 

Forward 
mound 
speed, 
mph 

100.4 
85. 7 
74.5 
55. 3 
85. b 

570 
571 
572 
674 
hi5 

57G 
577 
578 

% 

ii: 

E 
590 

591 
592 
593 
594 
595 

59G 
597 

E 
m2 

bE 
GO5 

iit 

ii?: 
611 
RI2 
Gl3 

616 
617 
618 
820 
621 

622 
623 
G24 
625 
626 

627 
628 
G31 
G33 
G34 

635 
G3G 
CXl8 

.- 

Apr. 14 

Z’ ::: 
Apr: 14 
Apr. 14 

1115 
1119 
1120 
1121 
1122 

Apr. 14 
Apr. 14 
Apr. 14 
Apr. 14 
API‘. 14 

1128 
1131 

::z 
1151 

WN W 
W N IV 
w N m 

:%:: 

26 
2G 
26 
20 
2G 

Apr. 14 1200 \V N I\’ 
Apr. 14 1204 WN\V 
Apr. 14 1212 WNW 
Apr. 14 1221 WNW 
Apr. 14 1223 WN W 

Apr. 14 1226 WN w 
Apr. 14 1237 WNW 
Apr. 14 1238 WNW 
Apr. 14 1245 \VNW 
Apr. 14 1252 WN w 

Apr. 14 1256 WNW 
Apr. 14 1258 WNW 
Apr. 14 1302 WNW 
Apr. 14 1304 WNW 
Apr. 14 1308 WN w 

;: 
25 
25 
25 

Apr. 14 1310 WhTW 
Apr. 14 1312 WNW 
Apr. 14 1343 WN w 
Apr. 14 1345 WN w 
Apr. 14 1349 WN W 

25 
25 
25 

2 

Apr. 14 1354 WN w 
Apr. 14 1355 WN W 
Apr. 14 1400 WN w 
Apr. 14 1410 WNW 
Apr. 14 1411 WNW 

Apr. 14 1414 WNW 
Apr. 14 1419 WNW 
Apr. 14 1421 WNW 
Apr. 14 1423 WNW 
Apr. 14 1425 WNW 

Apr. 14 1434 WIN m 23 
Apr. 14 1446 WN w 23 
Apr. 14 1449 WNW 23 
Apr. 14 1450 WNW 23 
Apr. 14 1451 WNW 23 

lg. :: 
Apr: 14 
Apr. 14 
Apr. 14 

1502 
1503 
1505 
1507 
1515 

24 
24 

2 
24 

Apr. 14 
Apr. 14 

it::: :i 
Apr. 14 

1531 w N w 24 
1549 WNW 24 
1557 w N w 24 
1612 JVNW 24 
1615 WS\V 24 

Apr. 14 1GlG WNW 24 
Apr. 14 1621 WNW 24 
Apr. 14 1626 WN W 24 

- 

20.5 
20.5 
20. 5 
20. 5 
20. 5 

:El 
16.0 
16.0 
16.0 

1.4 
3.1 
1.7 
2.3 
2.6 

1.3 
1.0 

__- 
2.0 

20. 5 
20. 5 
20. .5 
211. R 
20. .5 

lG.O 1.1 -2.1 -2.0 101.3 
16.0 1.4 -3.3 -3.2 58.1 
1G. 0 3.4 4. 1 -2.0 81.7 
ICI.0 2.2 1.5 -2.0 70. G 
Iii. 0 .4 1.4 .2 Rh. 2 

21.3 IO.0 .4 
21.3 10. G 1.7 
21.3 16.6 2.0 
21.3 16.6 1.0 
21.3 16.6 1.5 

-_ 8 

---3.-o-- 

21.3 18. G 2.0 
21.3 18. G 2.3 
21.3 16. G 1.4 
21.3 16. G 2. 1 
21.3 16. 6 .7 

_~~..... 

2.3 
2.0 

21.3 16.6 
21.3 18. G 
19. 7 15.4 
19. 7 15.4 
19. 7 15. 4 

1.1 

1:: 
I.4 
2.4 

2:; 

.7 
1. 2 
2.3 
0 

19. 7 15.4 
19. 7 15.4 
19. 7 15.4 
19. 7 15.4 
19. 7 15.4 

.Q 
1.0 

:: 
.3 

0 

2. 7 

3.8 

19. 7 15.4 
19. 7 15. 4 
18.1 14.2 
18.1 14.2 
18. 1 14.2 

:i 
I.7 

.8 
1.3 

--.2 
0 

18.1 14.2 1.0 
18.1 14. 2 1.1 
18. I 14.2 1.2 
18.1 14.2 1.2 
18. 1 14. 2 1.4 

..~ 

1.6 
2.4 

18.1 14.2 .6 
18. 1 14.2 1.0 
18.1 14.2 2. 7 
18.1 14.2 1.1 
18.1 14.2 1.9 

-4.4 
2.2 

.G 
--.Q 
-.8 

1.G 
1.8 

18. 9 14.8 4.4 
18.9 14.8 3. 4 
18.9 14.8 2.2 
18.9 14.8 2. 1 
18. 9 14.8 1.1 

18.9 14.8 
18. 9 14.8 
18.9 14.8 
18.9 14. 8 
18. 9 14.8 

1.2 
1.9 
1.3 

:Z 

-1. i 

-1. 0 

:4 

l.G 

-.8 

18.9 14.8 .4 -2.0 
18.9 14.8 1. 4 .l 
18.9 14.8 2. G -.2 

-0.4 
-.4 

_..... 
-2.2 

-2.9 

.3 

-2.0 
-1.8 

-2 

-_ G 
-2.2 

--.5 
-2.2 

-2.0 

-2.4 

-3.4 

-;:: 

-2.9 
-4. G 

-2.8 
-2.7 

-1.2 
-.2 

:.k 
-4. 1 

-2.3 

-z4 
-3.0 

-5. F 

-1.3 

-.4 
-2. 1 
-1. 7 

un. 7 
80.5 

108.3 
i4.2 
89.8 

88. 5 
95. 7 

100.8 
81. 5 
69.9 

101.1 
81.8 
83.6 
96. 0 
90.8 

102.7 
97.8 

102.2 
69. 4 
75.8 

80. B 
83.4 
8G. 4 
89.8 
84. 5 

83.9 
78. 1 
85. 3 
69.3 
84. 5 

81. 1 
89.8 
i7. 2 
70. 1 
81.9 

72. 7 
105.4 

85. 0 
90. 3 
94.8 

86.2 
SG. 5 
8i. 8 
i2. G 
i5. 5 

75. I 
80.2 
81.4 

120.9 
106.2 

95.0 
75.8 

108.0 

121.8 
78. Ii 

102.2 
97. 1 

105.7 

102. n 
1Gl.X 
129.6 

95. 5 
111.1 

122.4 
117.5 
121.9 
89. 1 
95. 5 

100.3 
103.1 
104.5 
1Oi. 9 
102. G 

102.0 
9G. 2 

103.4 
87.4 

102. G 

99.2 
lOi. 

8 Positive values-head wind. 
b Positive values-rolling in direction of first wheel to touch 
0 Positive vnlues-right bank. 
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TABLE III 

VALUES OF STATISTICAL PARAMETERS FOR LANDING CONTACT CONDITIONS 

(a) Sinking speed 
- 

_. 

-. 

_. 

-. 

_. 

- 

Maximum MlVln 
sinking sinking 
speed, speed, 
ft/sec ft/sec 

Standard Coeficient 
deviation, of skewness, 

c, ft/scc a3 
Cntegory 

Number 
Gust condition of 

landings 

Alairplnnes..-.....-..-.....-..---.--....... No gusts __._._.___ 
Gusts~........ ____ 

$: 

Total- _ ____.__... 478 ___ ~--- 
.48 .88 
.s2 .74 

B3 .48 
GO .Ql 

.85 .R3 

.n4 -. 19 
-___ 

.48 .82 

2: :7’: 

Airplane ;- ._.._... -.. 

F 
cl 
II 
J 

Low wing loading (airplanes A, l3, C, und D). No gusts _........ 
Gusts-............ 2 
Total- ____...._.__ 92 

2: 
.95 

1.02 
2.4 .98 

3.4 1.28 
4.4 1.61 
4.4 1.46 

Medium wing loading (airplanes E, F, and G). No gusts _.__..____ 118 
Gusts- __........__ 148 
Totnl.... ____ _... 2Gfi 

.57 

.RO :tt 

.72 .88 
_-__-~- 

GO .20 
.73 .51 

BQ .53 

High wing loading (alrplnnes H, I, J, and K). No gusts .......... 42 
Gusts _........._ .. 78 
Total. .__ ......... 120 

2.5 1.32 
4.5 1. 5.3 
4. 5 1.49 

(b) Bank angle 

Stzmdald Corficient 
drviation, 

! I 

of skrwnrss, 
CT a3 

All airplanrs.. No gusts... In? 
Gusts. ..~ ~~.. 231 
Total.. 413 

____ 
Twin-engine nirplnnes . . . . ~. . . ~. . .-.. No gusts.. 110 

Gusts 132 
Total. .-_. 242 

-__ 
Four-engine nirplnnrs.. _. No pusts. _. 72 

Gusts.......... 99 
Total. ___. lil 

3.7 1.11 .90 5. B l.Gl 1.22 :Yi 
5. B 1.38 1.11 1.06 

-~- -~ 
3. 1 .87 .58 Qi 
4. 2 1.17 .Qcj 1: 18 
4.2 1.05 x4 1. 15 

(c) Rolling velocity 

Maximum 
rolling 

v&city, 
drg/scc 

Stnlldnrd 
deviation, 

0 

Rolling toward first whrrl to touch (all No gusts.. . ~. 1 I4 
nirplnnrs). Gusts. .~. 

Tota.--- I I 

3. 5 0. !I8 
142 4.7 1.35 
2.50 4. 7 1. 18 

-~--__ 
Rolling away from Arst wheel to touch (all No gusts.....~~ D8 

airplanes). Gusts . . . ..__.. ~... 
Total... . . . . . . . ~.~ I I 

3. I .a7 
89 4.9 1.01 

157 4.9 .95 

0.80 l.Oi 
1.02 .73 

,94 9fi 

:;i 
I.04 
1.59 

.88 I. 53 

(d) Airspeed at contact 
- 

-. 

Maximum 
contact air- 
speed, per- 
cent above 

stall 

55.4 
59.2 
59.2 

Cntrgory Gust condition 
Number 

of 
landings 

All airplnnes __......._.___.___..----....--..-. No gusts _ ......... 207 
Gusts- ............ 271 
Total- _ __. ........ 475 


